I. INTRODUCTION
The widespread usage of mobile phones with the advanced skills of Information and Communication Technology, a variety of clinical domains has been emerging in terms of telehealth [1] - [2] . Among these aspects of healthcare awareness, mobile telecardiology systems are developed to monitor heart conditions especially from the high-risk cardiac patients in the patient-centric manner [3] - [6] .
To gain a patient's cardiac surveillance outside of healthcare providers' facilities, a smart mobile phone is recognized as the method to acquire personal electrocardiogram from the low-cost hardware utilizing Bluetooth and multimedia messaging service. With the opening of the SMS text message that contains ECG samples, the vital signs about a heart condition are delivered to a PDA or a smartphone to plot the ECG on Manuscript received October 1, 2013; revised January 11, 2014. its screen [7] . Two-smartphone based wearable ECG recording system is also developed to display the waveforms and to detect abnormal beats by determining the isoelectric region around the QRS and reference position for the P and T features [8] .
However, the usage of a mobile phone as the device to receive ambulatory data from the wearable ECG monitoring hardware module, the acquired signal with a smartphone is vulnerable to distortion due to poor electrode-skin contact, motion artifacts, power-line interference, or base-line drifting. These noises can induce the false recognition about the ECG fiducial features and may affect the clinical decisions concerning healthcare delivery.
Thus, the digital filters are built with an android platform smartphone to suppress the noisy components especially in the ECG signal transmitted wirelessly from the wearable patch-style heart activity monitoring system. The hardware system measures bio-signals by using concentrate bipolar-electrodes and transmit the data to a mobile phone in Bluetooth communication protocol. With this aim, Graphical User Interface (GUI) is designed with considering the user's convenience and implemented in an Android smartphone by programming multi-threadJava modules to realize FIR (Finite Impulse Response Filter) and IIR (Infinite Impulse Response Filter). In the filter design, a sampling frequency, a filter type (low-pass, high-pass, band-pass, and band-stop), pass band and stop band cut-off frequency, and window functions can be selected. For IIR filter scheme, a butterworth type can be realized with choosing low pass, high pass, band pass or band stop mode and the diagrams of a frequency response and a pole-zero can be illustrated if necessary.
II. METHODS

A. Ambulatory ECG Data Acquisition
To transmit the ambulatory ECG data to a mobile device, the wearable heart activity monitoring system is built which contains the structure of patch-style ECG electrode module (5 cm × 5 cm in a square dimension) [9] . Once it attaches a person's chest, it wires ECG data to a mobile device at a sampling rate of 200 Hz by Bluetooth communication protocol. Fig. 1 shows a block diagram of ambulatory ECG transmitting and receiving system with built in digital filters in a smartphone. Each 12-bits-quantized ECG sample data is resolved in a smart-phone with initiating 'a' character in the header and interpreting the successive four bytes in the character format in terms of signal amplitude (Fig. 2) . In 
B. Graphical User Interface for Ambulatory ECG
Monitoring with a Mobile Device Using Eclipse and Android-platform SDK (Software Development Kit) with a smart-phone, GUI is designed and the application modules for displaying and filtering (it necessary) the ambulatory ECG signal are developed with multi-thread Java programming (Fig. 4) . Fig. 5 illustrates a screen capture of the ECG data displayed in a mobile device (Android OS smart-phone: IM-A860S, Pantech, Korea). Due to the limited monitor size of a mobile device, M number of ECG samples (M is the maximum number of graphical pixels that can be displayed on the screen) are initially stored and visualized as the first segment of ECG signal (Fig. 6) . As the new ADC data arrives, the input stream to a smart-phone is updated by discarding the oldest sample and storing the newest one (Fig. 7) . Fig. 8 presents the screen shot of GUI design and implementation for FIR filter with a mobile device (Android OS smart-phone: IM-A860S, Pantech, Korea). The design specifications include sampling frequency, filter type (low pass, high pass, band pass, and band stop), pass-band cut-off frequency and stop-band cut-off frequency. The order of FIR filter is calculated based on the sampling frequency, filter type and cut-off frequencies. The window functions can be selected to reduce ripple effects due to considering finite number of ECG samples in calculating the convolution operation for FIR filtering process. Rectangular, Hanning, Hamming or Blackman window function can be used [10] . Fig. 9 shows GUI design and implementation for Butterworth-IIR filter. The design parameters consist of sampling frequency, attenuation gain in dB scale, pass and stop cut-off frequency, filter type. The additional diagrams of pole-zero and frequency response can be visualized if necessary. III. RESULTS Table I shows the design specifications for FIR filter computation to eliminate the base-line wandering from the patch-electrode ECG data. Fig. 10 depicts the result of eliminating base-line drifting by applying high-pass FIR filter with a smartphone and also shows the impulse and frequency response of the designed FIR filter. Based on the selected design parameters, the order of FIR filter is determined to be N = 665. Here the cut-off frequencies for pass-band and stop-band are initially designed to meet the cut-off frequency specification of a low pass filter. The impulse response of the low pass filter h low [n] is converted to the high pass filter h high [n] by
C. Design and Implementation of FIR Filter
D. Design and Implementation of IIR-Butterworth Filter
where Ω o is selected to set the center frequency of the two-sided filter shape [11] . To demonstrate the design and implementation of band stop digital filter with a mobile phone for suppressing the power supply disturbance, we exemplified the simulated signal by adding 60 Hz sinusoidal signal to the acquired ECG samples. Table II shows the design specifications for band-stop FIR filter computation to remove power supply noise in the simulated patch-electrode ECG signal with a sampling frequency of 200 Hz. Fig. 11 illustrates the result of suppressing 60 Hz frequency component. Similarly the design parameters for determining high pass-band frequencies specified in Table II are initially interpreted as low pass-band and are transformed into high pass filter as in (1) . The impulse response of the band stop filter h BS [n] designed by Table II is The impulse response of the designed FIR filter is always stable but it requires a large memory space to store the filter coefficients due to the high order. The number of filter coefficients can be lessened if the required specifications are implemented with an IIR filter. However, it can be unstable because of the recursive calculations. Table III shows the design specifications for band-stop IIR filter to remove 60 Hz noise and Fig. 12 shows the result with additional illustration of pole-zero plot to check the stability. The transfer function of a low pass filter with cut-off frequency w p (rad/sec) which is the 3 dB-attenuation frequency from low pass band edge is converted into the band stop filter. Each cut-off frequency w p , w l and w u was pre-warped to avoid the degradation of the filter shape [11] . 
IV. CONCLUSIONS
With the widespread usage of a mobile device for the pervasive healthcare, it is often necessary to build digital filtering algorithm into the embedded device to eliminate the noisy disturbance in the ECG signal because the distorted characteristics may hinder a healthcare provider from deciding clinical decisions. Thus this research aims at the implementation of a FIR and IIR filter coefficients with an Android platform mobile phone by specifying the required parameters with graphical user interface. From our experimental results, we can conclude that a set of FIR and IIR filter coefficients can be designed and implemented in a mobile device for eliminating baseline fluctuations or power supply interference especially in the ambulatory ECG signal.
